Abstract: A number of situational and behavioural individual differences moderate the impact of shift and night work. The aims of this study were to identify individual differences correlates of sleep and fatigue-related shiftwork outcomes and examine their potential relative causal impact. Power company shiftworkers completed a questionnaire that measured age/experience, number of dependents, shiftwork locus of control, morningness-eveningness, workload and sleep/health-related behaviours. Shiftwork sleep and fatigue outcome variables were also measured. Hierarchical multiple regression was used to examine predictive contributions of the individual difference variables and to generate path coefficients from situational and psychological predictors through behavioural variables to the outcome variables. Shiftwork-specific internality showed the most systematic significant causal relationships with sleep and fatigue outcomes. While not having as strong a direct causal influence on sleep and fatigue outcomes as internality, the other predictors did show more significant causal effects upon sleep-related behaviours than did internality. Behavioural variables made little contribution to the total causal effects of the predictors on the outcome variables. The results suggest control beliefs to be a moderating factor in shiftwork exposure and the potential utility of this construct in aiding more effective targeting of interventions.
Introduction
Shiftwork and night-work are extensive features of the occupational landscape and a regular experience for millions of employees globally. The increasing prevalence of shiftwork in manufacturing, production and service industries has therefore resulted in a corresponding increase in the numbers of individuals who become desynchronized from their physical and social environments. The extent and nature of this organization of working time raises a number of implications both for behaviour and occupational health.
The effects observed are many and varied. They include reported disruptions to sleep and problems for psychological well-being, physical health, social functioning and task performance 1, 2) . Detrimental shiftwork effects may be both acute, such as disruptions to sleep, mood, alertness and performance during a period of adjustment to a changed activity schedule, and chronic, for example, long-term fatigue, Industrial Health 2005, 43, 151-170 sleep disorders, physical and psychological ill-health and absenteeism 3, 4) . The most prevalent and immediate effects are those linked to sleep disruption, sleep loss, sleepiness and fatigue 5) , all of which have implications for quality of life, work effectiveness and safety of the shiftworker. Having said this, individual responses to disrupted rest-activity cycles are by no means uniform. Shiftwork effects on individual well-being will depend on a range of mitigating difference factors such as features of the shift system worked, the nature of the job, the shiftworker's living and community environment, climate, the social and cultural milieu, and individual differences in physical and psychological characteristics [6] [7] [8] [9] . This study aimed to examine the relative causal impact of a number of individual and situational differences.
A number of factors that influence adjustment to displaced rest-activity schedules and tolerance to shiftwork have been identified. As noted, these may be societal, environmental, organic/physical, and situational, behavioural and psychological 3) . Age is one 'organic' individual difference that has been linked to tolerance to shift and night working 6, 10) . Ageing may be associated with increased intolerance of shiftwork with a suggested critical age range running from 40-50 yr 6, 12) . The age-range cited for shiftworkers suggests that there may be some interaction between the disruptiveness of a work schedule and the age of the individual that 'accelerates' or 'accentuates' the natural changes in circadian rhythms with age. For example, the amplitude ('strength') of circadian rhythms may decrease, and there may be a tendency for rhythms to desynchronise internally. Acrophases may advance so that activity rhythms tend to peak earlier in the day (older people to become morning oriented). Sleep is also more disturbed as people age, e.g. there may be more unintentional awakenings from sleep. Lastly, there are also indications of slower adjustment to shiftworking in middleaged individuals compared to younger people 6) . It was hypothesized that age would be significantly negatively related to well-being variables in the population of shiftworkers studied.
Disruption to family and social life is a common complaint in shiftworkers 13, 14) . Part of the equation is likely to be the number of dependents living at home with the shiftworker, although there is little research evidence in this area. However, this is a social/environmental difference that could impinge upon a shiftworker's reaction to and recovery from his or her non-standard work hours.
Coping and health-related behaviours engaged in by a shiftworker can have a moderating effect 15) . It is a moot point as to whether or not these behaviours are a reaction to working time conditions or are employed in some way proactively to ameliorate the impact of shift and night work. It may be the case that differences in shiftwork experience will be reflected by these behaviours being used in different ways -for example, proactively and reactively for experienced shiftworkers but mainly reactively for novice shiftworkers. See Taylor, Briner and Folkard (1997) for a detailed consideration of shiftwork-health models 16) . Kivimaki and colleagues (2001) considered shiftwork to promote poor health behaviours and thus damage health in the longer term because of this behavioural change 17) . Their study found that shiftwork was associated with higher levels of smoking and being overweight, and that both increased with age (see also Härmä et al., 1998 18) ). For present purposes and analyses the behaviours of napping, caffeine intake, smoking, alcohol use and exercise are understood to be predictors of well-being that could have a bearing on sleep and fatigue. That is, all should be associated with wellbeing outcomes whereby, napping, and exercise would be expected to be negatively related to sleep and fatigue problems, while caffeine, smoking and alcohol should be positively associated with shiftworker sleep and fatigue problems, i.e. it is likely that greater use of all substances may be evident in an attempt to manage shiftwork-related sleep and fatigue difficulties.
Workload is another situational factor considered in the present study. Workload here refers to perceived job-demands and can reflect the number of work tasks to attend to, deadlines for specific tasks, lack of control over the work being done, task complexity, the risk associated with a particular task and can be manifest as a psychological and/ or physical orientation. Workload can involve subjective stress manifested as anxiety, dissatisfaction, a sense of loss of control, decreased motivation and depleted morale; all of which have the potential to affect performance in work 19) . The fatiguing effects of high workload (and managing it) and concurrent effects on biological and emotional states over sustained periods (overcoming fatigue is fatiguing) may lead to deterioration of job performance. Workload is also likely to be a function of an interaction between job demands, strategies used to manage the demands and the adequacy of task performance -rather than simply depending on task load alone 19) . When the strain of long work hours, shift and night work, and regular sleep loss are added to a heavy workload, the risk of harm to effective performance and well-being may be accentuated.
A number of psychological or personality factors can also moderate the impact of shiftwork. Individual difference measures based upon features of circadian rhythms (postulated to be involved in the rate of adjustment to night and shiftwork) have been developed in an attempt to predict and explain variation in tolerance to shiftwork. For example, the Circadian Type Inventory theoretically based on rhythm amplitude and stability 20, 21) which provides an index of flexibility of sleeping habits and the ability to overcome drowsiness and maintain alertness when tired (i.e. vigourousness). The time at which rhythms peak, or rhythm phase has informed the development of MorningnessEveningness measures [22] [23] [24] . Morning type individuals feel more active earlier in the day and retire to bed relatively early at night. Evening types, on the other hand, tend to prefer rising later in the morning and then are more active and tend to go to bed later in the day. Despite this interest, the psychology of tolerance to shiftwork is not well developed and it is highly likely that other individual differences may mediate the personal impact of non-standard work hours. Morningness-eveningness is examined in the present study. Smith and Barton (1994) suggested interactive effects between shift system controllability and features of personal control on a range of outcome variables (including: health, sleep, alertness and performance, absenteeism, turnover, productivity and safety) 25) . They proposed a number of components; notably: system controllability, situational control and dispositional control. Situational control, for example, has some relevance to the present focus. It comprises perceived and actual control components. Control perceptions are termed "process regulating cognitions" that mediate environmental and dispositional influences on behaviour and subsequent outcomes 26) . More germane to the current research, the 'actual control' aspect refers to shiftworkers actually using the opportunity for control offered by their shift system. It is also conceptualized as the coping strategies mobilized by the shiftworker, either in a preemptive fashion to reduce the likelihood or severity of disruption (e.g. exercise, napping), or to cope with their internal reactions to the schedule or shift (e.g. napping, caffeine intake, smoking, alcohol use). In the current analysis this reflects the coping and health-related behaviours noted above.
The dispositional control construct considered is that of shiftwork-specific locus of control 25) . This construct represents the major focus for the present study. Locus of control theory reflects individual differences in generalized beliefs about the personal controllability of reinforcing life events. Individuals with an internal locus of control believe reinforcements to be contingent upon their own behaviours or attributes. Externals perceive outcomes to be contingent upon forces outside of themselves. Such action-outcome expectancies are said to interact with the subjective reinforcement value of the outcome to determine the potential for a particular behaviour to occur 27) . Rotter argued that in relation to a given situation an individual's expectancy that a specific action will lead to a specific outcome is a function of both a context specific expectancy and generalized expectancies relevant to that situation 28) . Informed by research that suggested that the construct is more effectively operationalized in a domain-specific sense, situation-specific locus of control measures have been developed to improve the predictive power and to demonstrate stronger covariance with outcome variables than the original Internal-External scale. For example, Safety Locus of Control 29) ; Work Locus of Control 30) ; Economic Locus of Control 31) ; Job Satisfaction Locus of Control 32) ; Health Locus of Control [33] [34] [35] . The locus of control concept has been extensively applied to behaviour in occupational settings [36] [37] [38] [39] [40] . Spector (1982 Spector ( , 1986 provided substantial evidence for the utility of examining locus of control in organizational contexts 39, 40) . He reported that high internality tended to be associated with greater job satisfaction, commitment, involvement, performance and motivation 40) . In addition, internality was inversely related to physical symptoms, emotional distress, role stress, absenteeism, intention to leave a job and job turnover. Internals were more likely to perceive greater personal control over their work environments and to have more belief both in their own competence, and that better performance stems from their own efforts. This is translated into more effective performance because internals invest greater effort in a task and tend to seek out relevant information in complex task situations. Spector's review suggests that the construct contributes to a better understanding of the psychological mediation involved in work performance, tolerance to work stress, job satisfaction and lower rates of absenteeism and turnover.
General and work-specific locus of control measures has also been applied to a sample of the unemployed 41) . Their findings supported previous research in showing that internality was most beneficial to psychological and physical health in this group. Indeed, externality was linked to higher anxiety and depression, more reported sub-medical physical health symptoms, lower self esteem and lower life satisfaction. Some have examined locus of control in concert with other work and health-related personality characteristics. Kirkaldy et al. (2002) examined the combined impact of locus of control and Type A/Type B behaviour on a range of outcomes 42) . Externality and Type A personality were associated with greater subjective stress, poorer job satisfaction and poorer physical and mental health compared to the combination of internality with Type B personality. More recently, work locus of control externality was reported to be positively related to higher stress and symptoms of ill-health and negatively related to job satisfaction, with the effects particularly salient for women employees 43) . Furnham (1992) also argued that locus of control could be an important variable in the determination of work-related behaviour 36) . The extensive evidence from occupational psychology suggests, therefore, that personal control and control beliefs play an important role in mediating stress experiences and facilitate well-being and functional effectiveness in work. Consequently, it is reasonable to suggest that locus of control beliefs, and in particular, internality, could play a role in the experience of shiftwork.
Indeed, the locus of control construct has been applied to shiftworking groups 44) where it was found that most of the components contributing to a measure of job satisfaction showed deficits associated with externality. It appeared that internality influenced the nature of the work schedule experienced whereby those who worked a 'fast rotating' schedule (2 to 4 nights working between days off) were significantly more internal and reported higher well-being, job satisfaction and self-esteem than slowly-rotating night workers. The shiftwork locus of control (SHLOC) scale was developed 45) in an attempt to examine the dispositional area of control outlined in the framework posited by Smith and Barton (1994) 25) . The SHLOC scale is an internallyoriented measure that reflects the approach taken by Duttweiller (1984) 46) who developed an internal locus of control scale, the Internal Control Index (see also Marshall, 1991 47) ). Respondents are placed on a continuum from low to high shiftwork-specific internal locus of control. Different levels of internal locus of control beliefs about one's capacity to influence the outcomes relative to subjective, behavioural and work environments are hypothesized to result in the differential experience of shiftwork-related problems.
Shiftwork-specific locus of control (SHLOC) has been implicated as a possible moderator of shift and night work effects 45, 48) . Individuals with a high internal shiftworkspecific LOC would be expected to suffer fewer shift-related problems in these areas. The reasons for this are, firstly; they would initiate more self-regulatory efforts at preventing or controlling problems with health, since they believe that they are responsible for the outcomes they experience. Secondly, they would seek out information on how to control these shift-related difficulties. Overall, a high internal shiftwork locus of control would be expected to correlate negatively with shiftwork stress and positively with better health and sleep in individuals working a shift roster, irrespective of the level of control inherent in the work schedule itself. This proposition has been supported in shiftwork research 45, 49) . When measured on the shiftworkspecific locus of control scale, high internals appeared to show greater tolerance to shiftwork in terms of health. Compared to low internals, they were found to self-report fewer shiftwork-related sleep problems, better psychological well-being, better physical health and less work-related stress.
Informed by the above research evidence, the aim of this study was to explore the model shown in Fig. 1 with regard to identifying the direct and indirect (via shiftwork-related coping behaviours) impact of a number of individual and circumstantial differences upon shiftwork outcomes. Individual and situational variables (Age/experience, Number of dependants, Internality, Morningness-eveningness, Workload) represent 'exogenous' variables in the terms of path analysis. Sleep and health-related behaviours represent the 'endogenous' variables. Essentially, the analyses test a number of smaller paths models, with each exogenous component (predictor) affecting the sleep and fatigue outcomes, either directly, or indirectly via the behavioural variables. Please note that the current paper focuses on shiftwork-specific locus of control in relation to sleep and health behaviours, and sleep and fatigue outcomes. However, we also explored the role of perceived adaptation to shiftwork and this is reported in a separate paper (Takahashi et al., 2005 , this issue) 50) .
Method
Participants and shift rota Six hundred and thirteen Japanese nuclear power company shiftworkers at three production sites participated in the study. Supervisors (chief/deputy chief) formed just over 21.6% of the respondents. The mean age of the participants was 32.8 ± SD 9.4 yr (n613). The mean length of shift work experience was 11.12 ± 7.35 yr (n609); and the mean length of their experience of the current shift system was 7.40 ± 5.58 yr (n611). Just over 56% of participants were married, 75.6% had one to two children while 11.4% had 3 to 4 children living at home. A little over 30% reported having mother, father or other dependants living with them at home. The shiftworkers worked shifts that were sequenced in a rapidly-rotating pattern as follows: D1-D2-A-N1-N2-R-R-R. (D1 = day shift 1 with a start time of 0830 and an end time of 1500; D2 = day shift 1 -start 0830, end 2100; A = afternoon shift, 1500 to 2100; N = night shift, 2100 to 0830, R = Rest days).
Questionnaire measures
The questionnaire comprised a number of standard measures typically used in shiftwork research. Most of the measures were derivatives of scales originally developed in the Standard Shiftwork Index 51) . Where appropriate, internal reliability (Cronbach's alpha) is reported for a number of measures. Each variable is also numbered (in bold subscript) to correspond with its position in Fig. 1 and Tables  1 to 8. (a) Biographical data were gathered to gain some indication of the age 1 , experience 1 (of shiftwork and the currently worked shift rota) and gender of the shiftworkers, and also their family life in terms of the number of dependents 2 living at home with them.
(b) Shiftwork Locus of Control 3 was measured using a 16-item scale 45) . The scale measures internally oriented beliefs with respect to four shiftwork-related domains; namely: Sleep: internal items reflect the degree to which individuals believe themselves to be responsible for the quality of their sleep when working shifts. Social: internal items measuring the general belief that, despite working shifts, the quality of the respondent's social life is a function of her/his own actions. Health: internal items representing individuals' beliefs about the extent to which they are responsible for their own health while working shifts. Work: internal items reflecting the degree to which individuals believe they can influence their work performance when on shiftwork. Each item is scored on a 9 point Likert-type scale with two extreme anchors that are 1 = "Strongly Disagree" and 9 = "Strongly Agree". A total internal Shiftwork LOC score is obtained by summing the score for all items. Higher scores denote a higher shiftwork-specific internal orientation. Cronbach's alpha = .88.
(c) Morningness-Eveningness 4 was measured using a purpose-designed single-item scale that asked participants "Which one of these types do you believe yourself to be currently?". Response choices ran from 'morning type' through 'slightly morning type', 'neither', 'slightly evening type' to 'evening type'.
(d) Perceived workload 5 was measured in relation to each shift. The measure was based on items in the NASA Task Load Index (NASA TLX) 52) . Four items were used to index physical demand, mental demand, time pressures and emotional demand. Each was scored on a 9-point Likerttype scale. Cronbach's alphas: Day shift 1 = .62 Day shift 2 = .62, Afternoon shift = .69, Night shift 1 = .71, Night shift 2 = .73. A total perceived workload score was obtained for the purposes of the present analysis.
(e) Coping and health-related behaviours were measured using a number of purpose-designed items:
Exercise 6 : This was measured by asking for the number of times each week participants engaged in strenuous exercise, moderate exercise or mild exercise during their free time for more than 15 min. Example activities were given for each of the intensities of exercise. The number of times each type of exercise was engaged in a typical week was summed to give an index of total exercise levels.
Napping 7 : Information on napping activity relative to each night shift was indexed with a number of items. The proportion of night shifts on which napping episodes occurred was reported for each night shift on an 11-point scale ranging from 0% (no naps) through to 100% (napping every night shift). Typical nap duration was also recorded where taken. For the purposes of this study, the overall proportion of night shifts on which a nap was taken was used as a predictor variable.
Caffeine intake 8 : Typical caffeine-based drink consumption was measured in relation to night shifts using two 9-point Likert-type scales (relating to the 4-h prior to going on shift and during the shift) that ranged from 0 to 9 or more. The scores for each item were summed to give typical total intake around night shifts.
Smoking 9 : Similarly typical levels of smoking was measured in relation to night shifts using two 9-point Likerttype scales (relating to the 4-h prior to going on shift and during the shift) that ranged from 0 cigarettes smoked to 9 or more. The scores for each item were summed to give typical total number of cigarettes smoked around night shifts.
Alcohol use 10 : This was measured using a purpose-designed single item that asked whether the respondent had ever used alcohol to help him/her sleep after a shift.
(f) Sleep and fatigue outcome variables Fatigue was measured using a 22 item scale based on the Checklist Individual Strength fatigue scale originally developed by Beurskens et al. (2001) 53) . In the original version fatigue comprised 4 factors (severity, concentration, motivation and physical activity). In this study, the measure comprised 3 sub-scales with the following alpha values. Fatigue-feeling 11 : 10 items, Cronbach's alpha = .87. Fatiguemotivation 12 : 6 items, Cronbach's alpha = .81. Fatigueconcentration 13 : 6 items, Cronbach's alpha = .78. Items were scored using 9-point Likert-type scales and a total fatigue score was obtained by taking the mean of all items. Fatigue total scale: 22 items, Cronbach's alpha = .90.
Epworth Sleepiness Scale 14 (ESS) 54) . This is an 8-item measure of how likely an individual is to doze-off or fall asleep in a number of situations (e.g. watching TV). Items are scored on a 4-point scale ranging from 0 (no chance of dozing-off) through to 3 (high chance of dozing-off). It is a measure of general sleepiness. Cronbach's alpha = .67
Drowsiness on Shift 51) . Shiftworkers used 9-point Likerttype scales to rate their perceived typical levels of drowsiness/ alertness for two-hourly intervals from the beginning to the end of each shift (e.g. for 0600, 0800, 1000, 1200 and 1400 for the day shift). Mean drowsiness on day and night shifts were used in the present analysis. The alpha coefficients for the drowsiness measure relative to Day shift 1 = .76, Day shift 2 = .85, Afternoon shift 16 = .87, Night shift 1 = .82 and Night shift 2 = .85. For the purposes of the present analyses -Day shift drowsiness 15 comprises the combined level (mean) for both day 1 and day 2, similarly, drowsiness for night shifts 1 and 2 are combined 17 .
Sleep quality 51) . This measure comprised 8 items, scored on 9-point Likert-type scales, whose scores were summed to provide an index of difficulties in initiating and maintaining sleep. The items included questions about sleep quality, and feeling rested after sleep. The scale Cronbach's alpha's in relation to each shift were as follows: Day shift 1 = .68: Day shift 2 = .67; Afternoon shift = .74; Night shift 1A = .80, Night shift 1B = .89, Night shift 2A = .77, Night shift 2B =.93, Night shift 2C.= .76. For the present analysesday shift sleep quality 18 comprised the combined level (mean) for both day 1 and day 2, similarly, Night shift sleep quality 19 combined night shifts 1 and 2.
Procedure
The study protocol was reviewed and approved by the power plant's Committee of Safety and Health that represented the labour union, workers, the employer, and occupational health staff and by the Research and Development Center of the company. The questionnaires were distributed by supervisory staff within the plants. Participants completed the self-report questionnaires with regard to the different aspects of their shift work experiences and returned them to the supervisory staff in sealed envelopes. These were then forwarded to the research team. A high response rate of 99.5% was achieved. This is not unusual for research conducted on Japanese populations, e.g. Nakata et al. (2004) 55) reported a response rate of 92.2% (2420/2625) while Kawakami et al. (1999) 56) reported a response of 84.5% (2194/2597).
Results
Analyses: multiple regression analyses were used to determine the path coefficients for the causal model shown in Fig. 1 . However, the assumption of multicollinearity was violated with respect to Age and Shiftwork experience. Understandably these variables correlated highly with one another (age accounting for 75% of the variance in shiftwork experience). In light of this, these variables were combined to form a single Age/Experience variable for use in the analyses. Table 1 shows sleep-related health behaviours regressed onto the predictor variables.
The regression equations were significant but the amounts of variance explained in the sleep-related health behaviours by the individual difference predictor variables was relatively small. Age and morningness-eveningness appeared to be implicated as significant predictors of the sleep-and healthrelated variables most consistently. Number of dependents was a significant predictor of the use of alcohol to aid sleep. These results suggest that influences extraneous (disturbance terms, or residual error effects) to the model's predictors could be having more of an effect upon the sleep and healthrelated behaviours. Table 2 shows shiftwork sleep and fatigue outcome variables regressed onto predictor variables. The amount of variance explained in the fatigue and sleep outcome variables by the individual difference predictors was again relatively small. However, shiftwork-related internality appeared to be the individual difference variable most systematically related to sleep and fatigue outcomes. Workload also appeared to be having a fairly systematic effect. Despite being significantly implicated in the use of alcohol to aid sleep, number of dependents consistently failed to show any significant direct influence upon the fatigue and sleep-related outcome variables. In light of this, this situational predictor is not discussed in detail relative to further analyses. Although the path coefficients are more robust than in Table 1 , these results again suggest substantial residual error terms that would indicate the impact of unspecified latent variables upon sleep and fatigue. Table 3 illustrates the results of shiftwork sleep and fatigue outcome variables regressed onto sleep-related health behaviour variables. Few of the regression equations were significant but some behavioural variables appear more related to sleep and fatigue outcomes than others. Notably, napping on night shifts appears to be the behaviour most consistently related to the sleep and fatigue variables. Residual effects are again likely to be substantial. 
Relative causal effects
The following tables show the direct and indirect causal effects for predictor variables on the sleep and fatigue outcomes. The focus is on those relationships shown to be significant in the regression analyses (age/experience, SHLOC, morningness-eveningness, workload, see Tables  1 to 3 above), however, for the sake of completeness, observations relating to the number of dependants is also included (Table 5) . Table 4 shows that age/experience had its strongest direct effect on general sleepiness, and drowsiness on day and night shifts (amount of variance explained ranged from near 10% to almost 20%). The endogenous behavioural variables appeared to have extremely small positive or negative moderating effects between age/experience and the sleep and fatigue outcomes. That is, there were almost negligible changes to the variance explained when the indirect causal effects were combined with the direct effects.
The number of dependents appeared to have little direct or indirect effect upon sleep and fatigue outcomes in relation to this workforce.
A suggested by Table 3 , shiftwork-specific internality appears to have a stronger and more systematic direct impact upon the sleep and fatigue variables compared to other predictor variables. Table 6 shows internality to have had its strongest direct effect on fatigue variables (25% to 31% of the variance), and on night shift drowsiness (21% of the variance), and quality of sleep taken during the night (23% of the variance). Higher internality appears to result in lower fatigue and drowsiness and better quality sleep. The sleep and health related behavioural variables hypothesized to be influenced by the predictors again appeared to have small positive or negative moderating effects between internality and the sleep and fatigue outcomes. Table 7 shows that morningness-eveningness appeared to have its strongest direct effect on night shift drowsiness (13% of the variance), and the quality of sleep taken during the daytime (nearly 12% of the variance). Greater eveningness appears to result in lower drowsiness on night shifts and to better quality of daytime sleep. The sleep and health related behavioural variables had little impact upon the total causal effect of morningness-eveningness upon night shift drowsiness and daytime sleep quality.
Next to internality, workload was the work-related predictor that appeared to have the next most consistent (though weaker) effects upon sleep and fatigue outcomes, especially on the quality of main sleeps taken at night (18% of the variance), feelings of fatigue (16% of the variance) and drowsiness on night and afternoon shifts (10% of the variance). The indirect effects via the behavioural variables were again very small, adding little to the variance explained in sleep and fatigue. High workload appeared to result in poorer sleep quality, higher fatigue and greater sleepiness.
Discussion
This research examined the relative strength of the causal effects of a number of predictors upon sleep and fatigue measures taken in a large representative sample of nuclear power shiftworkers. The aim was to explore a causal model (see Fig. 1 ) specifying the relative direct and indirect (via shiftwork-related coping behaviours) effects of individual difference and situational variables (age/experience, number of dependants, shiftwork-specific internality, morningnesseveningness and workload) on sleep and fatigue. It was evident that for all predictor variables the indirect causal paths via the behavioural variables of exercise, napping on night shifts, caffeine intake, smoking and use of alcohol, add little explanatory power to the direct effects observed. This was unexpected as it was reasonable to hypothesize that the predictors (especially Internality) would influence behaviours that would impact upon shiftwork-related sleep and fatigue in this workplace.
The most systematic and strongest significant causal effect on sleep and fatigue outcomes was that for shiftworkspecific internal locus of control. The results appear to be wholly consistent with earlier research findings and this construct will be the main focus for discussion here. Theoretical perspectives on this construct, reasons why it has some salience for shiftworking situations and practical implications for occupational professionals have been posited elsewhere 25, 48) . Present results concur with earlier findings that suggest shiftwork-related internality to be associated with more positive outcomes in shiftwork situations. High internality was associated with fewer problems with sleep, lower use of sleeping pills and alcohol to aid sleep, less disruption to social and family life, greater job satisfaction, less fatigue, better subjective mental and physical health, and greater levels of alertness, especially on the night shift 45) . While more recently, higher internality was reported to be associated with better sleep quality, fewer sleep problems, greater alertness on shift and lower fatigue 57) . The results also partially support the findings of a prospective study of 100 nurses over 7 months 49) . The Time 1 measure of the dependent variable (e.g. alertness, mental health) was entered at the first step of the regression analyses, while shiftwork locus of control, flexibility and vigourousness 20) measures were entered at the second step. Table 6 . Causal effects of internality on shiftwork outcomes Predictor (a) Direct effect onIndirect effect of predictor (b) β from (c) β from Total effect on outcome variables via - Table 2  Table 3 (a) + (b) × (c) In that same study internality was positively and significantly related to alertness on shift, but only flexibility of sleeping habits predicted early and late shift alertness at 7 months. Only the Time 1 measure of alertness on night shifts was predictive of Time 2 night shift alertness. Therefore, the results of this multivariate regression analysis suggested the SHLOC scale to be predictive of the experience of a range of shiftwork-related problems, including sleep difficulties, while the circadian type measure (flexibility of sleep habits) was most predictive of alertness on early and late shifts at 7 months.
In this study, internality showed the strongest and most systematic relationships with sleep and fatigue outcomes and is a promising step in trying to understand the role played by such personality constructs in the experience of shiftworking. However, we should not lose sight of the fact that the disturbance terms for the regression analyses contributing to the causal model were substantial. Residuals ranging from .950 to .989 were obtained for the behavioural variables regressed onto the predictors. The sleep and fatigue outcomes regressed onto predictors gave residuals ranging from .924 to .979 while the residuals that emerged for the outcomes regressed onto behavioural variables ranged from .988 to .994. This suggests that, apart from expected measurement and method error, other variables affected both sleep-related behaviours and sleep and fatigue outcomes that were not specified in the model. Expansion of this type of model is possible by the consideration of other psychological factors such as psychological and behavioural resourcefulness, self-efficacy beliefs, attitudinal or motivational characteristics or even attributional processes that could relate to how well a person copes with her or his shiftwork. In this way it may also be possible to speculate on the mechanisms involved in the link between higher internality and relatively better outcomes in the shiftwork setting 48) . It may also be the case that, despite the intuitive appeal of situational and individual difference measures affecting behaviour which, in turn, affects sleep and fatigue in work, the model could be structured differently. For example, Smith and Iskra-Golec (2002) 48) illustrate a model in which Shiftwork Locus of Control is hypothesized to modulate the impact of what may be considered more 'organically-related' individual difference variables. That is to say, variables that are more biologically-tuned such as age, or theoretically founded upon circadian rhythm parameters, such as morningness-eveningness (rhythm phase) and circadian type (flexibility of rhythms, amplitude of rhythms) would represent the exogenous components while SHLOC would be considered an endogenous component.
Furthermore, part of the solution to trying to explain the relationships in such multivariate models more fully could be achieved through the application of structural equation modeling, e.g. LISREL 58) . This is a more powerful statistical tool with which to examine multiple models simultaneously in order to find best fit and explanation for the data. Lastly, the predictive viability of such a model or models would be much strengthened through longitudinal research which has shown some initial promise 49) . The other predictors did not appear to have as strong a direct causal influence on sleep and fatigue outcomes as did internality. However, a number of them did show more robust significant causal effects upon sleep-related behaviours than did internality which had no discernible direct effect on these variables. Despite this, apart perhaps, from in relation to workload, the behavioural variables rarely affected total causal influences of the exogenous components on the outcome variables in any generalized or substantial way. Age/experience had significant direct effects on exercise, napping on night shifts, the use of alcohol to aid sleep and caffeine intake. Older more experienced shiftworkers took more exercise, napped on more night shifts, used alcohol more to aid sleep and had a higher caffeine intake around night shifts, presumably to promote alertness. In terms of direct significant effects, age/experience seemed to impact upon drowsiness on day and night shifts, and general sleepiness. Napping on night shifts seemed to be the most influential moderator of the age/experience effect on drowsiness. Age has been suggested to moderate the experience of shiftwork problems 6, 12, 59) . Extensive medical research on animal and human subjects has indicated natural changes to the parameters of circadian (24-h) rhythms in physiological, biochemical, hormonal and behavioural functions 11) . Older individuals demonstrate a phase shifting of circadian rhythms (usually advancing), i.e. occurring earlier than they normally would making them more morning oriented and less tolerant to night time activity. There is also a decrease in rhythm amplitudes (less robust) rendering individuals less able to overcome drowsiness. Desynchronisation of rhythms (a loss of stability of the system), and changes to sleep and activity rhythms have also been reported 11) . There may also be some interaction between the disruptiveness of certain work schedules and the age of the individual that exaggerates the natural change in circadian rhythms, or the often decremental, processes that naturally occur with age.
Number of dependents appeared to have negligible direct or indirect effect upon sleep and fatigue. It suggests that this situational/familial predictor is not such an important factor in relation to the outcome measures. The number of dependants did have a significant impact on the use of alcohol to aid sleep whereby a larger number of dependents led to greater use of alcohol as a sleep aid. Without further research, this may be a spurious finding given the lack of significant causal influence on any other variable. Morningnesseveningness had significant direct effects on the behavioural variables of exercise, caffeine intake around night shifts and smoking around night shifts. The analyses suggest that morning types took less exercise and reported greater stimulant intake in relation to night shifts. In relation to sleep and fatigue, morningness-eveningness had a significant direct effect on night shift drowsiness and the quality of sleep taken during the daytime. Morningness was linked to higher drowsiness at night but eveningness led to better daysleep quality. This concurs with extant research that suggests morningness could make shiftworkers less tolerant to night working as a result of their activity and rest preferences that are an expression of the relatively advanced underlying circadian phase in their physiology 60) . The relatively delayed circadian phase associated with eveningness could account for better day-time sleep quality that is often expressed as a preference to stay in bed asleep longer during the morning, rather than rising early 60) . Workload in the present study refers to perceived jobdemands (as operationalized by the NASA Task Load Index) 52) . After shiftwork-specific internality, it was the predictor variable that appeared to have the next strongest and systematic causal effects on sleep and fatigue. Unsurprisingly higher workload led to fewer nights shifts on which naps were taken and it appears that its interference with frequency of napping had the most substantial impact upon the overall causal effect of workload on sleep and fatigue. This was especially noticeable for fatigue feeling and concentration (increased effect), drowsiness on afternoon and night shifts (increased effect), and the quality of both daytime and night-time sleep (decreased effect). It is reasonable to surmise that if the strain of long work hours, shift and night work, and regular sleep loss are added to a heavy workload, the risk of harm to effective performance and well-being may be increased. In a study of the relationship between sleep and workload, subjective workload was negatively related to hours of sleep 61) . More recently, higher workload was associated with sleep loss and decrements in aerobic fitness 62) while others reported high workload to be linked to burnout (emotional exhaustion and depersonalization) and for there to be detrimental spillover in terms of work-home conflicts 63) . Nevertheless, there has been little research that focuses mainly on the relationship of workload with shiftwork and consequent effects.
To conclude, the main focus of this study has been on the relative causal effects of shiftwork-specific locus of control upon sleep and fatigue. Other predictor variables such as workload, age/experience and morningness-eveningness appeared to have more or less limited, rather than systematic, direct causal effects upon a number of the sleep and fatigue variables. Alertness and fatigue can be linked to shiftworker performance competence and the potential for accident occurrence. The research noted earlier demonstrated a positive relationship between alertness levels and internality across day, evening, and night shifts as well as a negative relationship between chronic fatigue and internality 45, 48) . In the present context, individuals with a high internal shiftworkspecific locus of control suffered fewer shift-related problems with sleep and fatigue. The reasons for this are, firstly; they would have a propensity to initiate more self-regulatory efforts at preventing or controlling problems with health or sleep, since they believe that they are responsible for the outcomes they experience. Secondly, they would seek out information on how to control these shift-related difficulties. The present results support the hypothesized link between higher internality and better tolerance. They contribute evidence that supports both the importance of control as a moderating factor to shiftwork exposure and the potential use of this measure in shiftworker monitoring to help the more effective targeting of interventions. We suggest that dispositional factors such as internality and other personality characteristics (e.g. morningness-eveningness, trait anxiety, circadian type) could be assessed alongside medical checks to provide more information on the constellation of individual differences that can be involved in shiftwork tolerance. The practical aim of establishing some kind of profile 64) of apparently more and less tolerant shiftworkers would be to aid the targeting or individualization of intervention strategies. Finally, the results are also interesting because prior research using the SHLOC measure has been conducted with predominantly European shiftworkers. The fact that similar findings have emerged with a sample of Japanese shiftworkers supports the generalizability of the SHLOC construct and suggests the need for more systematic crosscultural research.
